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Condensation  of  Ethylene  Oxide 
the 

With  Eonzene  in/ Presence  of  Anhydrous  Aluminium  Chloride 
In  view  of  the  fact  that  ethylene  oxide      i  is  so 

extremely  reactive,  it  mo  assumed  as  a  basis  for  the  experiment- 
al work  of  this  paper  that  ethylene  oxide  could  be  condensed  with 
benzene  in  the  presence  of  anhydrous  aluminum  chloride  to  form 
phenyl  ethyl  alcohol.    The  results  obtained  were  not  as  good 
as  might  be  expected.    A  partial  conien3ation  (10$)  to  phenyl 
ethyl  alcohol  was  affected.    Under  slightly  different  conditions, 
which  are  described  below,  the  principal  product  of  the  reaction 
was  diphenyl  ethane.    The  yield,  however,  is  also  very  poor. 

Ethylene  oxide,  and  its  derivatives,  have  been  prepared  in 

(1)  (2) 
numerous  ways.    Wurtz      and  Krassuski      obtained  ethylene  oxide 

by  dropping  chlorhydrin  on  solid  KOH.    This  method  is  very  gener- 

(3)  xoH 
al,    Michael  and  Leigh  ton     prepared  vcu/)^  -  c  w  >    from  (CH  V  C  -  ^Cfl 

(4)  No'  x 

by  this  reaction.    Neff      obtained  chx(ohj-ch2-chx  by  treating 

-»  o  "* 

CH.^chJ'CWju^'CfLCJd   with  alcoholic  potash.     Green  prepared  the 

(5) 

compound  by  heating  ethylene  iodide  with  Ag20  at  150°.        He  also 

obtained  the  oxide  by  heating  ethylene  bromide  with  Ag20  at  250©, 

and  by  heating  ethylene  bromide  or  ethylene  chl or -bromide  with 

(6) 

Na20  at  180°  .    P.emole      saturated  the  monoacetate  of  glycol  with 

hydrogen  chloride  gas,  and  treated  the  chloracetin  obtained  by 

(1)  mirtz    A  110,125,  A  Ch.(3)69,  317. 

(2)  Krassuki  C(1902),   II  19(1905) 

(3)  A  Michael  and  Leighton    B.39,  2793(1906) 

(4)  Neff  A     335,  23,  (1904) 

(5)  Green  J -1877-522 

(6)  Remole  A-173,  125 
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distillation  with  KOH.     The  resulting  product  was  ethylene  oxiie. 

Roithner      treated  chlorethvl  acetate  with  soli!  T'OH  to  obtain 

(2)  "  (3) 

the  oxiie.    Lieben  and  Kondakow     prepared  the  compound  by  treat- 
ing glycol  with  zinc  ohloride  or  sulfuric  acid.    This  reaction 
when  tried  on  derivatives  of  glycol  gives  rise  to  aldehydes  or 
ketones.     The  alkylene  oxide  forms  as  an  intermediate  products 


fK-CH  v 

An  interesting  preparation  of  diphenylethlene  oxide  \  /° 

(4)  ^-cw 

is  given  by  Hallensleben  •        Diphenyl  hydroxyethyl  amine  is 

treated  with  NaOMe  and    and  Mel.    This  gives  diphenylhydroxyethyl 

trimethyl  ammonium  iodide   ho  -eH      C  H      N  Wq.J.  Thi  s  compound 

treated  with  As:20  and  boiled  with  water  gives  trimethyl  amine 

(5) 

and  diphenyl ethylene  oxide.    Anisole  phenyl ethylene  oxide 

ch.o  -  C,  Hu-to-CH  -  ch-P-K  is  formed  bv  reaction  of w  chlor  p 

metboxy  acetophenone  and  benzaldehyde  in  the  presence  of  sodium 

(6) 

oxide,    Bodforss     finds  that  this  reaction  is  not,  general,  and 

that  the  presence  of  a. halogen  atom  or  a  nitro  group  in  the 

nucleus  is  decidedly  favorable  to  the  formation  of  substituted 

ethylene  oxides. 

Some  of  the  reactions  of  ethylene  oxide  are  as  follows: 

(?) 

1  -  With  nacent  hydrogen  an  alcohol  is  obtained 


(1)  Roithner  5  15,  666 

(2)  Lieben  II.  23,  60(1902) 

(3)  Kondakow,  Ch.  2.26-469(1902) 

(4)  Hallensbeben  B.  43,  684-6  ,  p21. 

(5)  Jorlander  B.  1916,  49,  2782-2975  -  Thru  J.Chem.Soc.  112,1  2.1, 

(6)  Bodfross.^tli^Hl;  2795    -    B- (1916)  51     (1916).  Thru  Chem. 

Abstracts  (lr>lo; 

(7)  Weyl  Me  thole  n  der  Organ.    Chem.  V.  2. 
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propylene  oxide  iso  propyl  alcohol 

3  -  By  boiling  with  dilute  3-ulfuric  acid,  glycols  can  be 
(1) 

obtained.     Thus,  the  compound    ch1„ch1  -coova        gives  the 
corresponding  dihydroxy  compound 

3  -  Hydrochloric  acid,  and  also  some  chlorides,  like 
magnesium  chloride,  give  with  ethylene  oxide,  chlorhydrins . 
Thus 

c  *  i.  C_  H  __0  1+ 

4  -  Similarly  hydrocyanic  acid  reacts  to  give  the  nitrile 
.    Crti-v  Ctf  oh- 

5  -  Ammonia  in  the  presence  of  water  gives  the  amino 

(2) 

derivative  of  the  alcohol. 


,      >o      +  N  H.   >  , 

CH,' 


Similar  reactions  occur  when  amines  react  with  ethylene 
oxide  in  the  presence  of  water. 

6  -  With  ethyl  alcohol,  ethylene  oxide  gives  glycolmono- 
ethyl  ether  CKa(OC8H5)  CHaOH. 


(1)  L.  Henry  C.  190?,  II  787 

(2)  Knorr  E  33  -  739  (  1899) 

B  31  -1069  (1898) 
B  34  -3463  (1901) 


7  -  Similarly  one  obtains  by  heating  srlycol  with  ethylene 

(1) 

oxide,  polyethylene  alcohol 


cHl  CM  OH 


6  -  With  sodium  acid  sulfite,  one  gets  the  solium  salt 
of  a  hydroxy  sulfo  acid 


CK/  CH,  SO,  Acx. 


9  -  When  ethylene  oxide  is  heated  with  phenol  at  150°, 

(2) 

phenyl  glycol  ether  is  obtained 

10  -  When  ethvlene  oxide  is  treated  with  hydroxyethyl 

(3) 

amine,  the  following  reactions  can  occur 

r  u                                                                                         ,  u  rt  CH,CH,OH 
I        O     +   HO-CH^H^H^  >     .  x  |    *   2->    V>I-  CM^Q.Mj.OM 


11  -  Alkylicagnesium  iodide  gives  an  addition  product  with 

ethylene  oxide  which,  when  warmed  with  water,  gives  a  primary  al- 
(4) 

cohol 


(1)  Michael  and  Leighton  B.  39,  2789(1906) 
(S)  Rolthner  M .  1S94,  15,  677 

(3)  Wurtz  A  114,   51  (i860) 

A  121,  238  (1862) 
Knorr  B    30,  909  (1897) 

(4)  Blaise  C*r.  134,  551(1902) 

C  1902  I,  856 
Grignard  Bl(3)  29,  946(1903)  
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(1) 

13  -  Ethylene  oxide  polymerizes      in  the  presence  of  KOH 

(2) 

to  give  a  compound  which  melts  at  56©  C.     Rojthner      assigns  the 
following  structure  to  the  polymer 

->  s  o 

13  -  Ethylene  oxide  reacts  with  hydrazine  hydrate  to  form 

hyiroxve thyl  hydrazine  HO-CH2Ch2N'H  .  nR2    and  di      hydroxy  ethyl 

(3) 

hydrazine     ( HOCH  2CH  2 ) 2 S . NH 2  or  (HOI—  CK2CH2NH) 2 


14  -  With  perchloric  acid,  HC104,  and  ethylene  oxide,  the 

(4) 

very  explosive  C104 .Cn2CH20.'CK2CK2OH  is  obtained 

15  -  D.R.P.  235312  outlines  the  reactions  of  ethylene 

are 

oxide  on  derivatives  of  amino  anthrachinon.    Dye  stuffs /formed. 

Since  ethylene  oxide  is  so  very  reactive,  it  was  thought  that 
it  might  react  with  benzene  in  the  presence  of  anhydrous  aluminum 
chloride  to  form  phenyl  ethyl  alcohol.    The  ethylene  oxide  was 
prepared  by  the  methods  of  Wurtz,  and  Krassuski . 

The  apparatus  used  for  the  preparation  of  the  ethylene 

oxide  wa3  arranged  as  shown  in  Figure  1.    The  procedure  was  merely 

bO  grams  of  NaOH  which  has  been  intimately  mixed  with 
to  drop  not  too  rapidly  80  gnr. .  of  chlorhydrin  on/an  equal  weight 

of  sand.  The  resulting  ethylene  oxide  as  prepared,  could  be  used 
vithout  further  distillation,  or  purification.  The  average  amount 
of  ethylene  oxide  obtained  weighed  about  25  gm.     The  oxide  was 

(1)  Wurtz  B-10,  90,  Bl(3)  29,  946(1903) 

(2)  Roithner  M  1694  -  15,  677 

(3)  Barnett  -  Pr.Chem.Soc.  36,  259 

(4)  Hofmann,  Zedwitz  and  Wagner 

E.  42,  4390  (1909) 
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used  for  condensation  immediately  after  p reparation . 

The  apparatus  for  the  condensation  of  the  ethylene  oxide 
with  benzene,  or  anisole,  finally  took  the  form  shown  in  Figure  2. 

100  grams  of  dry  benzene  and  60  grams  of  anhydrous  aluminum 
chloride  were  put  into  the  reaction  chamber.    From  20-2  5  grams  of 
ethylene  oxide  were  allowed  to  bubble  thru  the  mixture  which  was 
continually  stirred  by  means  of  an  electric  stirrer.    The  ethylene 
oxide  boils  at  13.6°  C.  and  no  external  heating  was  used  to  distill 
the  oxide  into  the  reaction  chamber.     The  temperature  of  the 
reacting  mixture  wa3  kept  at  0°C  (indicated  by  thermometer  shown 
in  Figure  1.)    After  6-6  hours,  all  of  the  oxide  had  been  distilled 
over.    The  reaction  mixture  was  now  poured  into  300  cc.  of  ice 
water.    The  benzene  layer  was  separated  and  dried  over  KsC03. 
On  distillation  in  a  vacuum,  8  grams  of  product  boiliin?:  from 
139©C .-149© C .-70  mm.  was  obtained.     Theoretical  yield  -  68  grams. 
Boiling  point  of  pure  phenyl  ethyl  alcohol  -  220°C.-760  mm.  No 
attempt  was  made  to  purify  the  product  any  further. 

Similar  results  were  obtained  v/hen  benzene  wa3  replaced  by 
anisole.     Carbon  disulfide  wa3  used  as  a  solvent. 

If  the  method  of  procedure  was  so  altered  as  to  reflux  the 
reaction  mixture  for  2  hours  after  all  of  the  ethylene  oxide  had 

been  introduced,  it  was  found  after  purification  that  15-16  grams 
of  a  product  we*e  obtained,  which  boildd  from  200© -210©  C. -110  mm., 

and  which  on  cooling  melted  from  50<>-53©C.    The  compound  formed 
was  impure      diphenyl  ethane.         m .p  .  51 . 5  -  52  . 5         b.p.  284© G. 


~  7  - 

The  reaction  that  occurs  is  probably  : 

1\\   '  5 


With  anisole  a  condensation  similar  to  one  given  above  did 
not  occur. 


Co  ^de^se^ 


-fVeei  iac^  miytoire. 


SO  f.c.  -PlasK  to 
0%  ide. 


\  o     Co  V  V 
C_oo\<?dl 


C  Wlov- 1  ole 


f 


J          T0  r-lo+o/* 


I 


Q 


l©^e  Ox.ide 


"5    vv\cV\es  cViQwicVetr 


p»  o  o  v 
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Methylation  of  Amines  by  Means  of  Formaldehyde. 

(1)  • 

The  work  of  E.  A.  Werner      on  methylation  by  means  of 
formaldehyde  i3  of  interest,    Ammonium  chloride  is  heated  in  a 
solution  of  formaldehyde.    C0S  is  evolved  and  methyl  amine  hydro- 
chloride, dimethyl  amine  hydrochloride  and  3ome  trimethyl  amine 

(2) 

hydrochloride  are  formed.    H .  I.  Jones  and  Ruth  Wheatly  tried 
the  above  reaction  in  a  vacuum  and  found  that  vacuum  refluxing 
and  distillation  lowered  the  temperature  of  the  reaction  and 
higher  methylated  bodies  formed. 

D.R.P.  No.  270260  gives  an  interesting  and  ^ood  method  for 
the  preparation  of  trimethyl  amine  from  paraformaldehyde  and 
ammonium  chloride.    When  amnonium  chloride  is  mixed  with  para- 
formaldehyde and  heated,  the  mixture  melts  at  about  90°  C.  and  an 
evolution  of  C02  occurs.    After  complete  evolution  of  the  carbon 
dioxide,  the  residue  is  treated  with  concentrated  sodium  hydroxide 
solution,  and  trimethyl  amine  distills  out  as  a  gas.    The  mechan- 
ism of  the  reaction  is  probably  the  same  as  that  of  the  reaction 
between  ammonium  chloride  and  formaldehyde  solution.    The  reaction 
may  be  represented  as  follows: 


T       4    H  -  W  ■  H  £4  H  -tsf  -  HC*    ■*  Co     +■  H  O 


(1)  J.  Chem.  Soc.  1917,  id.  844 

(2)  J.  A.  C.  Sept.  1918,  1411 


ft 


o 


4-  ch^n  rt,.-  tt'ta 


>.  a" 

The  paraformaldehyde  seems  to  break  up  into  H20,  C02  and 
two  methylene  (-  CH2  -)  groups.  These  last  attach  themselves 
onto  the  hydrogen  of  the  ammonia. 

Since  the  reaction  between  ammonium  chloride  and  para- 
formaldehyde proceeds  so  readily,  it  was  thought  worth  while  to 
replace  the  ammonium  chloride  by  an  amine  hydrochloride  and  see 
if  methylation  would  occur.    The  following  amine  hydrochlorides 
were  experimented  with  ;     diethyl  amine  hydrochloride,  aniline 
hydrochloride f and  normal  amyl  amine  hydrochloride.    The  normal 
amyl  amine  was  prepared  by  the  reduction  of  butyl  cyanide  with 
solium  and  alcohol  in  toluene  solution. 

30  grams  of  diethyl  amine  hydrochloride  (.3  mole)  were  mixed 
intimately  viith  30  grams  of  para  formaldehyde  (1/3  mole)  and 
placed  in  a  flask,  equipped  with  an  air  cooled  condenser  and  a 
thermometer  extending  to  the  bottom  of  the  flask.    The  mixture 
was  heated  until  the  reaction  started  (evidenced  by  the  evolution 
of  carbon  dioxide  gas.)     The  temperature  of  the  mixture  at  the 
start  of  the  reaction  was  160°C.    After  the  reaction  had  subsided, 
the  contents  of  the  flask  were  heated  at  180® C,  until  practically 
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no  gas  was  evolved.    A  concentrated  solution  of  sodium  hydroxide 
was  then  aided  to  the  reaction  mixture  and  the  whole  was  distilled 
The  resulting  amine  was  salted  out  of  the  distillate  with  concen- 
trated NaOH  solution,  and  after  separation  the  amine  was  dried 
over  solid  sodium  hydroxide  and  distilled.    18  gns.  of  product 
boiliin;?  from  6£©C.  to  65° C.    theoretical  yafcld  was  26.4  grama. 
On  testing  this  product  with  acetic  anhydride  it  was  found  that 

the  >N-ctf,  contained  about  5%  of  the  original  di- 

rt - 

ethyl  amine. 

If,   instead  o^  1/3  mole  of  paraformaldehyde  1/6  mole  were 
used(theoretical  quantity),  the  product  obtained  after  reaction  is 


With  aniline  hydrochloride,  a  yellow  residue /obtained  which 
could  not  be  identified. 

The  amyl  amine  hydrochloride  also  gave  *ery  unsatisfactory 
results.    The  temperature  of  reaction  was  very  high,  335° C,  and 
the  product  obtained  boildd  from  110° -160©  C. 

Summing  up,  therefore,  it  was  found  that  a  mixed  amine  could 
be  prepared  by  the  reaction  of  paraformaldehyde  on  the  hydro- 
chloride of  diethyl  amine.    The  yield,  however,  is  not  quantitative 
With  a  primary  aliphatic  amine,  such  a 3  amyl  amine,  a  reaction 
occurs  but  the  resulting  product  is  a  mixture. 


(1) 


ab  out  30^ 


b.p.  164°-167oC. 


was 


(1)  Kolatow  K  17,  344. 


